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The  report  documents  results  of  a two-month  test  of  LOGOSCAN  System  to  establish 
Its  applicability  as  an  OCR  device  In  the  Russian  text  Input  processing.  All 
design  objectives  of  the  System  have  been  n*t  In  Its  prototype  version.  Most  of 
the  OCR  problems  encountered  during  the  test  are  directly  traceable  to  hardware 
• Problems  of  this  nature  can  be  easily  eliminated  by  transferring 
the  LOGOSCAN  recognition  logic  to  a new  hardware  envlronaient  within  the  current 
state-of-the-art.  a 
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1.0  Objective:  Testing  and  evaluation  of  the  Logoscan 
optical  character  reader  recognition  software.  Government- 
supplied  Russian  typeset  text  was  used  throughout. 

2.0  Conclusion:  A recognition  accuracy  of  better  than  98%  at 
a throughput  rate  of  three  characters  per  second  was  achieved 
during  this  test  using  previous  generation  equipment.  The 
Logoscan  software  subsystem  incorporated  into  current  generation 
equipment  will  have  an  estimated  accuracy  rate  of  from  99%  to 
99.9%  with  a throughput  rate  of  from  30  to  50  characters  per 
second.  These  ranges  depend  upon  the  typeset  text  to  be  scanned, 
viz.,  the  better  the  input  quality,  the  higher  the  rates. 

3.0  Technical  Problems:  All  technical  problems  encountered 
during  this  test  period  were  hardware  related,  viz.,  low  reso- 
lution of  the  read  head,  paper  skewing  in  the  paper  transport, 
and  slow  response  time  of  the  read  head  electronics  as  alter- 
nating black  and  white  sections  of  the  page  being  scanned  move 
by  the  read  head. 

4.0  General  Methodology:  The  tests  were  conducted  in  as 
nearly  an  operational  environment  as  possible,  consistent  with 
hardware  limitations.  Numeric  signatures  of  the  test  font  were 
acquired  as  defined  in  Appendix  B of  the  final  report.  These 
signatures  were  refined  by  analysis  of  closely  matching  char- 
acters, and  the  text  re-scanned  to  determine  improvements  in 
recognition  accuracy.  It  was  necesseury  to  slow  the  paper  trans- 
port feed  rollers  to  a minimum  speed  in  order  to  overcome  the 
slow  response  time  of  read  head  electronics. 

A general  survey  of  available  optical  scanners  was  conducted, 
using  the  following  criteria: 

1)  cost 

2)  resolution 

3)  method  of  paper  transport 

4)  availability 

5)  maintenance 

5.0  Technical  Results:  The  test  confirmed  the  operational 
capability  of  Logoscan  recognition  algorithms,  even  in  this 
non-optimum  hardware  environment.  A system  called  Logoscan  II, 
incorporating  an  ECRM/4400  (ECRM,  Inc.,  Bedford,  Mass.)  as  a 
raw  video  source  and  paper  transport,  with  a Data  General  S130 
(Data  General,  Southboro,  Mass.)  for  execution  of  both  normal 
and  micro-code  instructions,  can  be  configured,  thus  increasing 
recognition  accuracy  to  between  99.0  and  99.9%.  Throughput 
rates  would  be  from  30  to  50  characters  per  second.  These 
figures  are  dependent  upon  the  input  text  quality. 
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The  objective  of  this  two-month  testing  effort  consisted  in 
establishing  the  applicability  of  LOGOSCAN  System  as  an  OCR 
device  for  conversion  of  Russian  typeset  text  to  computer 
processable  format.  The  test  was  undertaken  in  semi -operational 
environment  to  verify  the  following  performaunce  characteristics: 
scanning  speeds.;  output  quality  in  terms  of  error/re jection 
rates ; font  acquisition  as  a by-product  of  a normal  scanning 
operation;  recognition  and  separation  of  touching  characters, 
and  acceptance  of  original  test  as  well  as  reproductions  for 
direct  scanning. 

The  System  is  now  implemented  in  its  prototype  version  on 
COMPUSCAN  170  and  NOVA  1200  with  12K  memory  and  magnetic  tape 
output.  To  meet  the  design  objectives  of  the  System,  the 
desi^ers  have  bypassed  the  original  vendor-supplied  logic 
and  introduced  the  company's  own  recognition  logic  based  on 
auto-correlation  techniques.  Instead  of  comparing  the  scanned 
character  against  a reference  alphed>et,  using  the  traditional 
cross -correlation  techniques  , the  System  generates  a numeric 
signature  expressing  the  shape  of  the  character.  Consequently, 
matching  of  the  input  character  against  a reference  alphabet 
is  based  on  its  numeric  signature.  The  reference  alphabet  is 
independent  of  point  size  because  recognition  is  based  on 
shape  analysis . 

The  test  has  confirmed  the  caped>ilities  of  the  System,  as 
indicated  above,  under  constraints  imposed  by  the  present 
hardware  configuration.  OCR  problems  encountered  during  the 
test  have  been  traced  almost  exclusively  to  hardware  limita- 
tions. Problems  of  this  nature  ceai  be  easily  eliminated  by 
implementing  the  LOGOSCAN  recognition  logic  as  firmware  in  a 
microprogrammed  mini-  or,  alternatively,  microprocessor, 
compatible  with  the  laser  scanner  componentry  within  the  current 
state-of-the-art . 

ZBIGNIEW  L.  PANKOWICZ  ^ 

Project  Engineer 
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A.  LOGOSCAN  PERFORMANCE  DURING  TEST  PERIOD 

1.  The  Russian  text: 

ABTOMATHSHPOBAHHblE 
CHCTEMbI  ynPABJlEHHR 
lUTABOB  H BOEHHbIX 
y^PE3KX^EHH^^ 
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demonstration  to  government  personnel  on  30  August  1977,  The 
Appendix  contains  illustrations  of  text  scanned  at  that  demon- 
stration. 


2.  As  presently  configured,  the  Logoscan  System  correctly 
recognizes  characters  in  the  above  font  with  better  than  98% 
accuracy  at  a rate  of  three  characters  per  second.  Figure  A-4 
illustrates  the  distribution  of  unrecognized  characters  on  page 
101  of  the  above  text.  These  errors  are  primarily  attributable 
to  hardware  limitations,  viz,,  low  resolution  of  the  read  head 
and  dyncunic  skewing  of  the  text  page  due  to  variable  roller 
pressure  in  the  paper  transport. 

It  is  significant  that  a group  of  two  characters,  viz,, 

H H 

of  the  33  characters  in  this  font  account  for  a third  of  all 
recognition  errors.  Figure  A-5  defines  the  effect  of  higher 
resolution  on  these  two  characters.  It  is  the  thin  center  bar 
connecting  the  vertical  side  of  these  characters  which  at  low 
resolution  sometimes  causes  the  recognition  system  to  break 
them.  Special  test  can  be  introduced  when  the  resulting  narrow 
characters  are  encountered.  However,  capturing  that  thin  bar 
via  finer  resolution  is  the  better  way. 

Overall  cost/effectiveness  of  the  present  level  of  performance 
cannot  be  considered  due  to  the  age  of  the  system's  components. 
Most  are  no  longer  manufactured  and  cannot  be  maintained. 

The  software  subsystem,  which  gives  Logoscan  its  unique  capa- 
bility, is  directly  transferable  to  present  generation  equipment, 

3.  New  font  acquisition,  as  demonstrated  at  the  30  August 
meeting,  is  normally  a two  man-day,  machine-assisted  operation. 
Figures  B-1  through  B-7  are  examples  of  the  system/operator 
exchange  required, 

4.  The  above  Russian  text  was  photographically  enlarged,  thus 
increasing  the  point  size  from  5 to  6,  and  scanned  using  the 
same  reference  alphabet. 
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5.  Touching  characters  in  a printed  text  are  normally  the 
result  of  wear,  chips,  or  hairlines  on  the  original  type  (see 
Figure  A-6).  The  Logoscan  system  had  no  difficulty  separating 
such  characters  in  this  font;  for  example,  see  Figure  A-7, 

6.  Xerox  copies  of  the  original  text  page  have  proven  to  be  the 
normal  form  of  input  to  the  scanner.  Such  copies  have  two  advan- 
tages over  the  original  page:  1)  there  is  a sharper  contrast 
between  light  and  dark  areas,  and  2)  the  reflective  character- 
istic of  OCR  bond  paper  used  in  the  copies  is  superior  to  paper 
of  the  eUDove  Russian  text. 

7.  The  first-generation  copy  used  during  this  feasibility  test 
has  proven  adequate  in  maintaining  an  error  rate  of  less  than 
2%.  The  new  hardware  configuration  defined  in  the  following 
will  enable  Logoscan  II  to  reduce  this  rate  to  between  .1%  and 
1.0%,  depending  on  the  quality  of  the  original  page. 

8.  As  noted  above,  on  30  August  1977  a demonstration  involving 
all  of  these  seven  points  was  conducted  at  the  Logos  offices  in 
Middletown,  New  York.  Government-selected  test  material  was 
used  throughout. 

B.  OPTIMIZATION  OF  LOGOSCAN  II 

1 . Hardware ; 

There  are  two  primary  hardware  considerations  in  an  OCR  system 
which  is  to  do  direct  print  reading,  viz., 

a)  What  the  read  head  "sees": 

Obviously  it  is  expected  to  see  the  characters  on  the  printed 
page,  but  how  it  sees  them  both  in  terms  of  clarity  and  detail 
will  determine  the  quality  of  data  presented  to  the  software 
subsystem.  Clarity  is  a function  of  both  focus  and  signal-to- 
noise  ratio  at  the  read  head,  while  detail  is  a function  of  its 
resolution  capability. 

Our  recent  demonstration  was  conducted  using  equipment  in  which 
the  light  source  is  a standard  projector  lamp  of  150W  with 
optic  fibers  delivering  light  to  the  page  being  scanned.  This 
is  inherently  a low  signal-to-noise  subsystem.  The  effective 
resolution  capability  of  its  60  fiber  optic  read  head  is  6.5 
mils. 

The  equipment  to  be  used  in  Logosceui  II,  as  detailed  in  Section 
3,  improves  the  data  quality  in  both  of  the  above  categories. 

Its  light  source  is  a laser,  and  its  effective  resolution  is  4 
mils.  This  figure  can  be  reduced  to  3 mils  via  relatively 
simple  lens  and  gear  chain  modifications. 
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b)  How  the  page  to  be  read  is  presented  to  the  read  head: 

Although  a purely  mechanical  operation,  the  manner  in  which  a 
page  is  presented  to  the  read  head  is  of  considerable  signifi- 
cance to  a direct  print  reading  OCR  system.  This  is  due  to  a 
characteristic  of  printed  text,  viz,,  ascenders  and  descenders 
such  as  the  Russian  B and  fl,  plus  a density  of  seven  or  more 
lines  to  the  inch.  Any  initial  paper  skew  or  dynamic  skew,  as 
the  page  moves  through  the  transport,  compounds  the  line 
separation  problem. 

Logoscan  II  hardware  will  hold  both  the  read  head  and  the  page 
stationary  during  a single  scan.  Subsequent  movement  of  the 
page  along  its  axis  does  not  introduce  dynamic  skewing. 

Appendix  C contains  examples  of  certain  technical  problems, 
and  character  variations  encountered  during  this  test  period. 

2.  Software: 

The  basic  recognition  power  of  the  Logoscan  software  subsystem 
has  been  proven  during  this  feasibility  test  in  am  area  where 
neither  masking  technique  nor  <"eature  extraction  has  proven 
adequate.  These  latter  two  techniques,  although  highly  success- 
ful when  used  on  controlled  fonts  such  as  that  produced  by  mono- 
spaced typewriters,  cannot  perform  in  the  presence  of  touching 
or  broken  characters,  missing  or  weak  strokes,  hairlines, 
ascenders,  descenders,  or  varying  line  thickness,  all  of  which 
can  occur  within  the  same  font,  often  within  the  same  printed 
book.  This  is  especially  true  when  scanning  Cyrillic  font  with 
its  fine  tails  and  curls. 


Sections  of  Logoscan  II  logic  will  be  implemented  in  micro-code. 
3.  Configuration  of  Logoscan  II: 


Logoscan  II  will  be  implemented  on  the  following  equipment 
configuration : 


Unit 


Function 


ECRM/4400 

DG/8611H 

DG/8615 

DG/6021 

DG/6045 

DG/6041 

DG/6052 

DG/6042 
DG/6013  & 


read  head,  paper  transport 
character  recognition 
character  recognition 
magnetic  tape,  output 

magnetic  disk,  reference  alphabet  store 
printer,  reference  alphabet  acquisition 
CRT  terminal,  reference  alphabet  acquisition, 
file  editing 

terminal,  Logoscan  control,  file  editing 
DG/4012A  reader/punch,  program  and  data  I/O 
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4.  Logoscan  II  Performance  Characteristics: 

Logoscan  II  will  have  the  following  performance  characteristics 

a)  A recognition  rate  of  30  to  50  characters  per  second.  This 
rate  is  font  dependent  and  is  related  to  the  quality  of  the 
input  text,  viz.,  the  better  the  quality,  the  higher  the  rate. 

b)  An  error  rate  of  .1%  to  1%.  As  above,  this  rate  is  also 
related  to  the  quality  of  the  input  text. 

c)  It  will  accept  Xerox  copies  of  the  original  text. 

d)  Output  will  be  on  industrial  stamdard  800  bpi  magnetic 
tape  in  any  format  required. 

e)  A new  font  can  be  acquired  and  stored  on  disk  for  later 
recall.  This  mam/machine  operation  requires  approximately 
two  man-days  to  acquire  an  accurate  font.  It  is  then  usable 
for  any  book  printed  in  that  font,  independent  of  type  size. 

f)  The  system  will  be  capable  (in  its  non-scan  mode)  of 
editing  English  language  text  files,  and  outputting  corrected 
text  via  its  printer  or  its  magnetic  tape  unit. 
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RUSSIAN  INPUT  DICTIONARY 


(Lower  Case) 


a 

- 

A 

K 

- 

K 

X 

- 

X 

6 

- 

B 

n 

- 

L 

u 

- 

Q 

B 

- 

V 

M 

- 

M 

- 

C 

r 

- 

G 

H 

- 

N 

UJ 

- 

W 

n 

- 

D 

O 

- 

0 

lU 

- 

5 

e 

- 

E 

n 

- 

P 

•b 

- 

7 

e 

- 

8 

P 

- 

R 

b 

- 

6 

TK 

- 

j 

c 

- 

S 

fcj 

- 

Y 

3 

- 

z 

T 

- 

T 

3 

- 

3 

M 

- 

1 

y 

- 

U 

10 

- 

n 

ft 

- 

1 

- 

F 

R 

- 

4 

SPECIAL  SYMBOLS  FOR  CAPITALS  AND  NUMBERS 


r 


COcraBfi  oCopy/ioitaiiiiH,  coiicpuiciiCTuoDaiiiic  MaiCMaTHMe- 
CKOro  oCoCIiC'ICIIIMl. 

HCOy  (pile.  20)  iiK.Tio'iacT  oAiiii  ociioiiiiOH  KOMaiiAiibifr 
iiCiiTp  BC  n a.iaiiiiii  .MiiiiwcTcpcTna  oOopoiii.i,  oAiiii  aanac- 
iiufi  (iKUSoMiuJi'i ) KOMaii.iiiun'i  uoiiTp  au.'iiiaii  BaiuimrToiia 
II  iiecKOwibKo  iio3.i\  iiiiii.ix  KOMaii.iiiux  nyiiXTOB  (oCopyaona- 
110  nnri.  ca.MO.icToii  [:C135,  oaihi  na  Koropux  iioctohhho 
iiaxoAiiTCH  II  1 rj-.MiiiiyTiiori  roToaiiocTii  k auMCTy). 

HaiiJioiiaabiiaa  ciicTC.Ma  oiicpaTiiniioro  ynpaB.i:eiiiin  BC 
CIBA  iiaxo.'iiiTcn  a aeAeiiiui  MiiiiiicTepcTaa  o6opoiibi  h bo 
B3anxio,icficTBiii:  c .ipyniMn  ciicTCMaMii  noanoAiicT  npeaii- 
flCHTy,  MiiniicTpy  oCoponai  ii  KOMiiTery  iiaMaAbiiiiKoa  uiTaCoD 
ynpaBABTb  noopy>Kciim.iMii  cii.iaMii  b aioGbix  ycAoaiiax  Miip- 
Horo  II  oociiiioro  opcMCiiii. 

ClICTCMa  AaCT  nOaMOA'IlIOCTb  C IIO.MOIUBIO  pa3All'lllblX 
CpCACTB  CUtl3ll  II  DU'IIICAIITCAbllori  TCXllllMI  OCy lACCTBA JITb 
C6op,  liaKOIIACIIIIC  II  OOllOQAOlIIIO  IlOAIiTII'ICCKOri  II  BOCIllIori 

tHH(|iopMauiiii,  iiiiijiop.Mauliii  o coctoiiiiiiii  aoopv>i<ciiiibix  ciiji 
CIBA.  coiO3tiiii<0ii  II  ncpoiiTiibix  iiiiOTiiiiiiiiKoa,  iiKAio'iaii  Aaii- 
iibie  0 pacnoAoaiciiiiii  bouck,  ctciiciisix  iix  roToaiiocrii,  6oc- 
Bbix  B03MO)i<iiocTax.  yiiaBiiMOCTii  11  T.  A..  iiocTy naiomcii  ot 
UeiiTpaAbiioro  pa3BCAi>iaaTC.iiaioro  yiipaiiAciiiiM,  rocAcnap- 
TaMciira,  arciiTCTaa  iiammaaAbiioi'i  ooaoiiaciiocTii,  pasAim- 
Hux  opraiioD  MiiiiiicTcpcTna  oGopoiiai,  ooTjCAiiiiciiiibix  ii  cne- 
I uiiaAbiibix  KOMaHAoaaiiiiri  BC. 

Ha  KOiiKpcTiiux  iiciiTpax  ii  iiyiiKrax  iiaunoiia.-ii.iiofi  cii- 
CTCMu  oncpaTHDiioro  yiipanAciiiiii  Tcuyinasi  oCcTaiioiiKa  it 

IlCOOxOAIIMbIC  AAtl  A0.1>KII0CTII1.IX  AIIU  ClipailKII  II  AOIlCCClIlltl 
OTo6pa>i<aioTCH  iia  pa.3Aii>iiibix  aapaiiax,  3ACKTpoimo-Ayiie- 
Bbix  xpyGKax,  aiomiiiiocuciitiiUx  'raGAo,  auAaiOTCsi  iia  iie- 
laTb.  BpeMH  c MOMeiira  aaiipoca  Aaiiiiaix  ao  iix  oroGpaiKC- 
Hlin  (lia  OCIIOBIIOM  KOMailAllOM  HeilTDC)  COexaDAfieT  OKOAO 
15  CCK. 

Tcxiiit'iccKiic  cpcACXDa  KOMaiiAiiaix  ucinpon  ii  iiyiiaxon 
HCoy  noanoAHiox  iipoaaDOAiiXb  iicoGxoaii.mbic  pac'icxi.i  aah 
oiipCACACMiiti  oiixiiMa.'ibiibix  Bapiiaiixoii  Gocbux  achcxbhh 
“ Doopyxteiiiibix  cha.  ii  ii  iiciinyio  owcpcAa  yAaiiiiux  tiAcpiibix 
ciiA,  AOBOAiixb  iipiiiiiiTwc  pciueiiiiii  AO  mxaGoi)  diiaoii  noopy- 
weiiiiux  CIIA,  oGbCAiiiiciiiibix  II  cnciuiaAbiibix  KOMaiiAOoaiiiiri, 
oCtieAitiieiiiibix  yiipaiiAciiiiri  Miiiiiicxcpcrua  oOopoiibi  h areiix- 
exaa  nauiioiinAbiioii  Gcaoriaciiocrii.  Bpc.Mn  iipoxoiKACiiiin 
I KOMaiiA  II  pacnopiiiKciiiiri  ox  aoMaiiAiioro  neiixpa  HCOV  ao 
I OKOiic'iiiux  nyiiKXou  cocxaaAncx  5—7  xtiia. 
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FIGURE  A-2 
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aOSTAVA  OBORUDOVANI  A#  SOVERWEN  ST  VO  VANI  E MATEMATICE- 
iKOGOOBESPECENI  A, 

♦ «-02  CMS.  9)  WCLHCAET  ODIN  OSNOVNOl  KOMANDNYl 
tENTR  #-  V 2DANII  MINISTERSTVA  OBOKONY#  ODIN  ZANAS- 
W1  CPODZEMNYl)  KOMANDNYl  OENTR  VBLIZI  #AWINGTONA 

I NESK0L6K0  VOZDUWNYX  KOMANDNYX  PUNKTOV  COBORUDOVA- 
NO  P4T6  SAMCX-ETOV  <— ♦SS#  ODIN  IZ  KOTOKYX  P0ST04NN0 
lAXODi’JS'j  V +S-MINUHOI  GOVOWOSTI  K VYLETU). 

♦ AUI01AL6NA4  SI  STEMA  OPEKATI  VNO GO  UPRVl,ENI4 
»rO  N/U0i)iTS4  V VEDEiNII  MIIISIERSTVA  OBORONY  I VO 
V.AIMODEISTVI  I S DRUGIMI  SI  5 TEN  AH  I POZVOL^ET  PREZI- 
>■.  ..(i.  MINI  STRUOBOROHY  I KOHI  TETuI  AAL  6NIKO  VWTABO  V 

1.  i...VL•^iT6V/00l^lJJfcJ^iNYMI  SILAMI  VLHbYXUSLOVI  AX  MI  R- 
i'.’Oo VOui'.i'i  OG 0 VKEH  t.N  I • 

►I  STEMA  DAET  V0HM0JN0ST6  S r0M056Jl  KAZLICNYX 
UiEDSTV  SVAZI  I \A' Cl  SLITl.  6N0 1 'lEXNlKI  0SU5ESTW-AT6 
3iOK-  NAKOPLENIE  I OBNOVLENIE  POLITICESKPl  I VOENNOl 
INrO.'^AOII-  INFORMAOII  0 SOSTOANII  VOORUJENNYX  SIL 
►P-SOUZNIKOAVEROATNYXPROTI  VNIKO  V-  VKLHCAA  DAN- 
Ni'E  O RASPOLOJENII  VOISK,  STEPENAX  IX  GOTOVNOSTI.  BOE- 
VYX  VOZMOJNOSTAX,  UAZVIMOSTI  I T.  D.#  POSTUPAH5EI  OT 
-EITRAL6N0G0  RAZ  VEDY  VATEL6NOGO  UPRAM^ENIA#  GOSDEPAR 
VUMENTA.  ACNTSTVA  NAOIONAL6NOI  BEZOPASNOSTI  / RAZLIC- 
WX  ORGANOV  MINISTERSTVA  OBORONY#  OB7EDINENNYX  I SPE- 
aAL6NYXK0MAND0VANI  1 

♦ ♦A  KONKRETNYX  GENTRAX  1 PUNKTAX  NAQI  ON AA6NO 1 SI 
STEMY  OPERATIVNOGO  UPICAVLENIA  TEKUbAA  OBSTANOVKA  I 
NEOBXODIMYE  DLA  DOLJIOSTIYX  LI  0 SPRAVKI  I DONESDJIA 
OTOBRAJAHTSA  NA  KAZLICNYX  3KRANAX#  3LEK  TRONNO-LUCE- 
VYX  TRUDKAX#  LOMIN ESGEN TNYX  TABLO#  VYDAHTSA  NA  PE- 
CAT6.  #REMA  S MOMENTA  ZAPROSA  DANIYX  DO  IX  OTOBRAJE 
NIA  (NA  OSNOVNOM  KOMANDNOM  GENTKE)  SOSTAVL-^ET  OKOLO 
•^S)  (Z. 

•EXNICESKIE  SREDSTVA  KOMAI DNYX  QENTROV  I PUNKTOV 
♦•■OZ  POZVOLAHT.  PROIZ  VODI  T6  NEOBXODIMYE  RASCETY  DLA 
CFREDELENIA  OPTIMAL6NYX  VARIANTOV  DOEVYX  DElSTVIl 
VOORUJENNYX  SIL#  I V PERVUH  OCEREL6  UDAFNYX  ADERNYX 
SIL-D0V0DIT6PRINATYE  RENENIA  DO  WTABOV  VIDOV  VOORU- 
JENNYXSIL/OBTEDINENNYXI  SPEOI  AL  6NYXK  OM-NDO  VAN  VI# 
CbVEDINENNYXUPRAVLEKI  1 MINISTERSTVA  OBORONYI  AGENT 
SIVA  NATIONAL  6N  01  BEZOPASN  OSTI  . tf'REMA  PROXOJDENIA 
KOMANDl  RASPORAJENl  ITKOMANONOGO  OENTHV  ***-9%  DO 
OCONECIYX  PUNKTOV  SOSTAVLA— t J Z. 
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EFFECT  OF  INCREASED 
VERTICAL  RESOLUTION 
ON  WEAK  STROKES 

RUSSIAN  CHARACTER  H 
WITH  WEAK  CENTER  STROKE 
AS  SEEN  WITH  6.5  MIL 
VERTICAL  RESOLUTION 


SAME  CHARACTER 
WHEN  SEEN  WITH 
4 MIL  RESOLUTION 


FIGURE  A-5B 
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FIGURE  A- 6 


Portion  of  text  enlarged  to  show  wear  chips 
and  holes  in  strokes.  Note  particularly  the 
hairline  to  the  left  of  the  character  "e". 


? 

« 


A-6 




. SSSSSSSSSSS..C 

..  . • • • . ssssssssssssss*  



.'•  • ••  • . • sssssssssssssssssss. 

.. . . . • ....  



• ••••••••  • ••••••••••  •••••••••••#••••• 


>••••••  • .(».  •••••••••••• 


#'  r.fi-*.  r*r***  

, •••  •••  • ••  •••  •••••••••••••••• 


TOUCHING 


CHARACTERS 


• •••••••a  ji.‘  .'■*  ••••••••••••••  •••••••••••••••! 

«•  •••••••«  ••••••••  •••••••••••••••••< 

• •••••*•• « S£SS* •••••••• S£S£SS* ••••••••••••••••■< 


....'•  • . . • • •' . SS.  • . . sssss.  • 

• 

.......  . . • . . • . . . . • . . . V . . S S £ £ S 

........  • •' ' • . '.  . ; V.  . . . £££££££.  . . • • . 

«.».»•  ...  * 

• •••••••••  • •• 

; V . . .' .' .' . • . .......  S££S£.  . . 

V . ; • . s s s s. . . . . . '. . ........ .' 

..  . • .'.  ....  SS.  . . .'.......  ...  sssss. 

.'.  ....  . . . SSSSSSS.  • SS.  ssssssssss. • • • . . 

......  .' . '.  ssssssssssssssssssssss. 

.. ....... S££S££SSS££S££S£££S££S. ................ 

.........  SSSSSSSSSSSSSSSSSSSSSS.  . 

..  . SSSSSSSSSSSSSSSSSSS7S2.  

'.  . . SSSSSSS.  . SS.  SSSSSSSSSS.  

..........  SS.  ....... ... ... sssss. ................ 

......  . .....  

.. . .... . • ...... . . sssss. 

.. . ..  ..sssss. . . . . . ........ ... 

............  ............ SSSSSSS. 

........................ sssss. .................. 

......... . .' .' . • . . . sssss. ... 

Cl 

LETTER  ■ S 
NO.  ALREADY  ■ 01 


FIGURE  A-7A 


A -7A 


«■>  I 


xss 

SSSSSs • • • 

SSSXSSS.V 

sxxsss. •• 


^ ^ ^ fs  4f. 

^ I*  • ^ r‘ 


t-  r-  r'  r*  w; 

t"  • r-  c ' <»/».•  o 

<»>•*»• 

'•  • •*  »“  c ^ ^ • • ' r • • ^ 

«»>4<  a*  4'  W ^ W w «**4/  W«*/  w>«*  w’  o ’ • 


4»«>-M»V  a' w w#  • m»4I«  4*^ «« 

^ r» 


sr.sr. 


> • • • 

>S£S£SSS. 
I xssss* • • 
I sssss* • • 


CHARACTERS 
C AND  T 
SEPARATED 
BY  SHAPE 
ANALYSIS 


FIGURE  A-7B 


A-7B 


1 


2 

3 

4 

5 

6 

7 I 

8 

9 I 

I 

10 

11  I 

I 

I 

12 

1 

13  ' 

14  I 

15  ' 

I 


iiajiiaMciiiii’M  TpyOKii.  II;iauiipoua;iucb  yDe/iii'iiiTb 
yiiiaweTp  ipyOoK  c -lb  ao  75  cm.  flepHbie  TpyCKii  THiia  tXa- 
paKTpoH*  luiipoKO  iipiiMeiiH;iiiCb  u aMopiiKaiiCKofi  ciicieMe 
illiO  «Ci'iijuK».  TpyOKii  in.’iio.ii.;)oba.Tiicb  u Ka'iecTue  imaii- 
KaTOfioH  uoaayiiiiioii  oOciaiiouKii  a oupeapaeuiiOM  pafioiie. 
lla  aupaiiax  ipyOoK  oiof)pa)KaaiiCb  uce  upaii  ii  iix  xapaKTC- 
piicTiiKii  D aiiAu  TaK  iiaauuacMoro  cijiopMyanpa  ueaii»,  co- 
cioHiucio  iij  acu)i7ti  paaaii'iiiux  ajiaKoa.  Heiirp  rpyimu 
aiiaKou  (liupMy.Dipa  aaiiiiMaa  iia  aapaiie  iioAOueiiac,  coot- 
ueTCTuyiouiee  iio;io>Ke!iiiio  ueaii  u Aamiuft  momciit,  ii  iiepe- 
MciiiaACK  a cooTaeTCTuiiit  c AuiiMoiiiicM  caMOAcra,  iianpao- 
aeiiiie  iioacTa  KOToporo  oiipoAcanaocb  acKTopoM.  li  iieMaiii 
cooCmaaocb,  sto  inpaii  TpyOxii  iiO3Uoa>i0T  OToOpawarb  iiii- 
(liopMaui(K)  o iiecKOAbKHx  COTHHX  ao.iAyujiiwx  UeACH  *. 

U nocaeAHiic  roAu  amviiiriCKaii  (jiiipMa  HKJI  paapaOo- 
Taaa  ycxpoi'icTao  OTofipajaeinui  iiacToabiioro  Tima  iia  sacK- 
Tpoiiiio-ayieBou  TpyOxc  iiiiAiiQiiAyaAbHoro  jioAbaoBaiiiiH 
(tiiii  7181).  Ilptiiiuiui  paOoTiJ  aioro  ycTpoiicTBa  pnaaorii- 
4CII  npiiiimmy  AuacTaim  cXapaKTpoiia*,  OAiiaKo  siiaKii  iia 
axpaiic  TpyOKii  (|)opMiipyioTCH  nyrexf  npoeKrapoBamifl  or- 
AeabllUX  TOWCK,  II3  KOTOpaiX  COCTaBAIICTCH  Hy>KiiuA  3liaK. 
3to  ocyiuecTBAticTcn  c noMoiiu.io  Auyx  Marpiiu:  oaiiom 
10x7  TO'iCK  — A.nn  tliopMHpoaaiiiin  iipmuicitux  siuikob  h 
Apyron  14X5  to'ick  — aah  (|)opMiipouaiiiiH  cipomiux  3iia- 
Kou  PasMep  oTBcpcTiiH  aah  TOMKii  iia  Marpime  paBCii  0,3aix«. 
IIpil  IIHAHKaUHM  COCeAlllie  TOMKll  Iia  DepTHKaAbllUX  AIIHHRX 
coeAiiiiMioTCH  a oaho  ucjioc.  PaaMcp  aiiaKOD  iia  SKpaiie  co- 
CTauAHCT  3,4  MM  no  uucotc  II  2,3  mm  no  niiipiiMe.  3Kpaii 
3Toro  ycTpoi'icTBa  iimuct  paaMcp  264X175  mm. 

Ma  BKpane  mo>kct  oToOpa^Karbcn  96  paaAimiiux  anaKOB. 
Emkoctb  SKpaiia  cocraBaiieT  okoao  2000  siiaKOB  (25  crpoK 
no  80  anaKOB  b crpoKe). 

KpoMe  OToOpaAteniifl  iiii(|)opMauHii,  BUABBaeMon  iia 
3BM,  9TO  ycTpofiCTBO  iicnoAbayeTCH  KaK  HacTOAbiiun  iiyAbT 
AAH  BBOAa  ABiiiibix  B Maujitiiy.  Q'  9TOM  CAynac  ycTponcTBO 
ocnautaeTCM  cneunaAbnoi’i  xAaaiiaTVOoA.  noasoAfliomeA  iia- 
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